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Abstract 
Policy on inclusion in education lacks methodological frameworks and technological resources to assist students with disabilities 
during their teaching-learning process. This paper proposes a strategy to join interdisciplinary areas, such as education, game 
design and computer science, to enable affordable educational digital games development with natural and universal interface 
design. We also present the intended results we expected to achieve by using this interdisciplinary approach such as an 
educational game development based on natural user interface using Microsoft Kinect as an interaction device. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
It´s mandatory to propose new pedagogic workflows and tools in order to fulfill the demands suggested by the 
policy on inclusion in education to successfully enable and support the learning process for impaired people as well 
as to improve their life quality, independency and development as a whole person. 
Having in mind the range of pedagogic tools for learning support, the Information and Communication 
Technologies – ICTs – generate new values, interaction ways and social behavior (Madariaga & Rubio, 2012). 
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Among many ICTs the digital accessible games are at a spotlight because they not only provide entertainment but 
they also encourage a new learning approach, peer interaction and social engagement. 
To achieve effectiveness in inclusive pedagogic instruments it´s necessary that all kinds of people can 
successfully benefit from these instruments. Universal Design is the concept that describes products and instruments 
developed to aim the larger number of people possible, regardless their physical characteristics, age and social 
condition. Universal Design also refers to tools and products that do not target a specific public, which means any 
person could use them in the same way (The Center of Universal Design, 2014). 
Natural user interfaces (Buxton, 2007) and non-conventional interaction devices can be viewed as pillars to allow 
universal design projects when talking about digital games development. However, to develop accessible educational 
digital games, taking in account the universal design concept, it takes more than just technology. It´s necessary to 
work in an interdisciplinary way  in order to address important questions related to inclusive education, game design 
and gameplay, human-computer interaction, targeted public, teach-learning strategies, among others. 
To be able to articulate demands, proposals and solutions that come from such different areas is by itself a 
challenge during planning, development and execution phases of a collaborative interdisciplinary project. It´s 
necessary to adapt and propose new project management tools and strategies in order to take the best out of each 
collaborator without losing important contributions or overloading the members with a high learning curve for new 
processes and tools. 
Narrowing our work spectrum to digital accessible games solutions development, this article presents our strategy 
to join interdisciplinary areas, such as education, game design and computer science, to enable affordable 
educational digital games development with natural and universal interface design. It also presents the intended 
results we expected to achieve by using this interdisciplinary approach such as an educational game development 
based on natural user interface using Microsoft Kinect as an interaction device. 
2. The MUST HAVE interdisciplinary 
Working with interdisciplinarity concepts is the way our group found to be suitable for the proposal and 
development of an accessible digital game which will make use of non-conventional interface devices to allow all 
kinds of people to properly interact with it, independent of their physics and cognitive characteristics.  
In this project, our intent is to combine knowledge from multiple areas like Game Design, Computer Science and 
Education to create an education instrument which will contemplate ideas and demands from all these areas. 
Interdisciplinary work contributes to establish connections and interlocutions between different knowledge, it 
establishes complementary links and leads to convergence of ideas coming from different perspectives, clearly 
punctuating that interdisciplinarity is much more than just a simple integration between diverse contends. 
The interdisciplinarity does not dilute disciplines, by contrary, it maintains its individuality. It’s a way to 
integrate disciplines through the comprehension of multiple causes and factors that impacts the reality. It 
works all necessary languages to build knowledge, to enable communication and to negotiate meanings and 
achieved results systematic acknowledge and registration. (Brasil, 1999, p. 89)  
The three disciplines that are working in a collaborative way in this project are education, game design and 
computer science. 
The main actors and actions taken during the project development are: 
x The pedagogue indicates to the game designers and computer science scientists which are the best learning tools 
in order to improve the learning process; 
x The game designer creates the game scenario, actors, interactions, rules and entertainment components based on 
the pedagogue feedback; 
x Computer science scientists identify the appropriate technological tools and devices in order to support the 
requisites pointed by the game designer and pedagogue in terms of natural interface and game programmability. 
During the game evaluation phase we can also take advantages of these 3 different points of view:  
x The pedagogue will carefully review the game effectiveness as and teaching-learning instrument; 
x The game designer will worry about the gameplay experience, player interaction and enjoyment level;   
x The computer science scientist will take account for the software quality assurance, usability, maintenance, 
performance and security. 
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We propose that without this interdisciplinary approach, which has to start at the game conception up to the 
evaluation phase with the targeted public, it´s not possible to develop an accessible educational digital game that 
truly takes in account the universal design concept. 
Having in mind that this project is being developed in a university environment, our research groups include 
collaborators from different ages, gender and academic level and background. This heterogeneity according Soto, 
Graf & Brava (2013) constitute a factor that can add difficulties to the group work, with tough negotiations between 
its members. 
An interdisciplinary research requires, as per Lyall & Meagher (2007), role negotiation in order to establish 
research workflows among research partners which will allow and enhance similarities and differences between 
involved areas. The research group needs to establish its particular working pattern looking for a balance between all 
member´s collaborations. In this sense, an interdisciplinary project will fatally spend more time during execution, 
especially during its initial phases. 
Thus, regardless of the socio academic profile of the group, symmetric relations can be achieved between its 
members in building a collaborative research (Soto, Bravo & Graf, 2013, p 447). In order to eliminate most of the 
communication barriers that exist when you are working in an interdisciplinary team, we´ve adopted strategies like 
face meetings, collaborative writing, multiple working teams grouped by task affinity as suggested by Lyall and 
Meagher (2007). The following collaborative digital tools are being used in our project: Google Groups as a mailing 
tool for the entire group; Dropbox and Google Drive for file sharing; Trello as a project management tool and Skype 
for video conference. Fig.1 shows one of the moments where the team had a meeting using Skype, so everybody 
could participate. 
 
Fig 1 Team meeting 
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3. Methodology 
The methodology framework currently being used during the digital game development works in an incremental 
way. As requisites and target public needs are being identified, the game design evolves in order to accommodate 
new needs; each new research action brings new information which is taken in account to evolve to the next level.  
To achieve our objective in developing a game in a collaborative way, three main phases of development are 
identified:  
3.1. Phase 1: studies and basic concepts 
Phase 1 is where studies on basic concepts from related areas and project requirements analysis are undertaken.  
Our first step was to exchange and leverage knowledge between all different areas involved in our project. We 
achieved this objective by realizing conceptual seminars where each researcher exposed his knowledge and ideas 
which could contribute to the project. Our discussions and seminars turned around universal design, accessibility in 
games, natural user interfaces, non-conventional devices and impairment causes and definitions.   
After these initial conceptual seminars, we have started a series of brainstorming meetings in order to recognize 
and comprehend specific requisites to allow learning-teaching process for special needs children, and more 
specifically using digital games as teaching-learning tool. 
Once we have defined the main key points to move forward with game design and development, it´s our intend to 
realize technical visits to regular schools which include children with special needs in order to evaluate and validate 
our initial proposal with them and their teachers. These visits will make use of techniques and methods of context of 
use analysis, from HCI - Human Computer Interaction, as well as strategies from Cognitive Psychology area (Cybis, 
Betiol & Faust, 2007). 
We could summarize the main actions during this phase as: 
x Conceptual seminars 
x Defining targeted audience 
x Identifying educational needs 
x Analyzing existing educational games  
x Analyzing children interactions with natural interfaces 
3.2. Phase 2: Game design and execution 
During the second phase the design, planning, development and execution of accessible educational digital games 
and natural interfaces enabled by the Microsoft Kinect (Microsoft Kinect, 2014) will take place. 
Game development: based on the ideas, requisites and discussions elaborated during phase 1, a game prototype is 
going to be developed and presented to students and teachers. We will adopt participatory design techniques (Rocha 
and Baranauskas, 2000) to stimulate children´s participation and proposal of new ideas for the game, gameplay and 
new types of natural interaction. Only after this participatory design intervention is concluded, we´ll move to the 
final game design and development stage, including its sound, final art, final interaction elements and game engine 
coding. 
Natural user interface design and development: studies on existing natural interfaces using Microsoft Kinect will 
take place under this second phase as well (Microsoft Kinect 2014). This non-conventional device captures 
movements, voice commands and video image from a user which is interacting with it. Through this technology we 
intend to create a natural interface which follows the universal design, allowing different kinds of people, with and 
without special needs, to be able to interact in same ways with our game. 
A few prototype games and interaction environments will be developed in order to be presented to children and 
teachers during experimental workshops, allowing them to contribute via participatory design (Rocha & 
Baranauskas, 2000)  to the game´s natural interface and its interaction elements like poses, voice commands and 
gestures.  
In summary, the main actions undertaken during this phase are: 
x Participatory design 
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x Game design project 
x Game prototyping 
x Natural interfaces design 
x Game development 
x Natural interfaces development 
3.3. Phase 3: verification and validation 
Phase 3 consists in products verification and validation through experiments with project audience, i.e., children 
from public schools involved in the earliest research (Phase 1). We will validate and verify the integration of all 
products developed, games and library for Kinect. Also, and more important, we will verify children's interaction, 
usability and accessibility, their fun and learning with the game.  
For this purpose, we will collect data through specific forms and analyze them. Interaction tests will have the 
evaluation focus in interactions quality, which is stablished between users and systems (Cybis, Betiol & Faust, 
2007). 
We could summarize the main actions during this phase as: 
x Users experience tests 
x Usability and gameplay evaluation 
x Learning evaluation 
In order to present some results expected from the project, Fig. 2 shows a set of images that include digital 
games, library for Kinect, target audience, and equipment; some of them developed by our team. 
4. Aimed Results 
Through this project we expect to establish multiple accessibility criteria which will guide accessible games 
development and evaluation. 
It´s our goal to develop a game that aims to become a pedagogic instrument to impaired children without being 
restricted to this public. We expect it will be used in regular classes where both impaired and non-impaired students 
can interact and learn with the game in similar ways, truly promoting the inclusive education via universal design. 
We will develop a game and use it as a “laboratory” for the technology created for natural interface; however, we 
intend that this technology will be applied to other games. The library created will allow integrate games with 
Fig 2 Concepts involved in the project 
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Kinect's functionalities and, with gestures recognition and voice commands, turn games accessible. This library 
should provide customizable and personalized recognition commands. 
We also expect our research will collaborate with the Brazilian public policies on inclusive education, which 
demand for the development of didactic and pedagogic resources as a way to break down the barriers found during 
the teaching-learning process of impaired individuals (Brasil, 2011). 
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